Patients with untreated anaemia or iron deficiency who undergo surgical procedures have an increased risk for mortality and morbidity. Patient Blood Management programmes address this issue worldwide and try to improve patient outcomes through a complex set of measures targeting anaemia correction, minimisation of bleeding and improvement of anaemia tolerance, in all phases of perioperative care.
Premises
Patients with untreated anaemia or iron deficiency who are referred for a surgical procedure with a presumed high bleeding risk have an increased postoperative morbidity and mortality risk [1, 2] . Blood administration (transfusion) is not an aetiological treatment in such cases and may be associated with high morbidity [3] while unjustifiably reducing human blood components available for therapeutic use.
Back in 2010, the World Health Organisation (WHO) already had recommended the rational use of blood products by using alternative solutions to transfusion and implementation of Patient Blood Management (PBM) programmes [4] . DOI : http://dx.doi.org/10.21454/rjaic.7518.242.fil PBM is a proactive, multidisciplinary, multimodal, patient-centred concept, which includes anaemia detection and treatment, haemostasis optimisation, blood loss minimisation, rational use of blood products and optimisation of anaemia tolerance, to improve the patient's outcome [5] [6] [7] . PBM is currently considered a new safety and quality standard for patient care [8] .
In time, PBM has become a new standard of care, with proven evidence in multiple areas of medicine. Professionals within medicine must use PBM to improve patient outcome. Not doing so represents suboptimal patient care and may harm individuals [9] .
PBM programmes are implemented across healthcare systems around the world, at hospital/institutional or national level. They seek to coordinate the hospital care that patients receive from physicians of different specialities aiming to reduce the blood products use, especially during -but also beyond -the perioperative period. They are based on four principles [5] :
1. Anaemia management 2. Coagulation optimisation 3. Use of interdisciplinary blood conservation strategies 4. Patient involvement in medical decisions related to blood transfusion
The PBM concept comprises three types of measures: 1. Patient's red cell mass optimisation O p t im is e t h e pa t ien t 's r ed cell m a s s M in im is e b lood los s Im p r o ve p a t ien t t oler a n ce of a na em ia a nd ra t ion a lis e b lood pr od u ct us a ge P r e op er at iv e 2. Blood loss minimisation 3. Patient's tolerance of anaemia optimisation and rational usage of therapeutic blood components [4] .
These measures must be applied throughout the entire period of care of the surgical patient, being initiated preoperatively and continued intraoperatively and postoperatively (Table 1) . For an easier implementation, they can be organised into "multimodal packages" for patients' blood conservation [5] .
The experience of other hospitals/healthcare institutions shows that applying PBM principles throughout the entire perioperative period may decrease mortality [12, 13] , morbidity [12, 14] , in-hospital length of stay [12, 13] and costs [15] , allowing for a better use of medical resources [16] , while maintaining patient safety [17] .
Based on this medical evidence, physicians of different specialties set up an Initiative Group to introduce the PBM concept in Romania. During three joint meetings, group members examined relevant literature and available best practice guidelines, based on their personal experience and Romanian standards of practice, and developed a set of recommendations for introducing the PBM Programme into several hospitals in Bucharest ('Prof. Dr. C.C. Iliescu Firstly, the general perioperative recommendations were discussed and developed, to be followed by further recommendations concerning geriatric patients and patients with chronic kidney disease, heart failure, or haematological conditions.
The Initiative Group formulated 10 recommendations together with relevant implementation assessment indicators which are described in five chapters: I. Organisation of the PBM Programme; II. Patient red cell mass optimisation; III. Blood loss minimisation; IV. Optimisation of anaemia tolerance and rational use of blood products; V. PBM Programme monitoring and evaluation benchmarks. It is preferable that the IG members appoint an anaesthesiology specialist as the Coordinator. According to the definition of this specialty, which includes perioperative medicine [18] , the anaesthesiologist is in the ideal position to continuously monitor the surgical patients during their hospital stay.
I. Organisation of the PBM
To ensure information sharing and increased medical staff involvement in the PBM Programme, it is important to provide educational support [5] . To this aim, regular meetings should be organised, such as conferences, symposia and workshops, to explain the PBM Programme to physicians, clinical pharmacists, trainees and nurses.
II. Patient Red Cell Mass Optimisation
Recommendation 2. Planning of the surgical intervention  Anaemia and iron deficiency must be diagnosed sufficiently in advance of the elective procedures associated with a high bleeding risk (see APPENDIX 1), to allow red cell mass optimisation and reduce the need of a blood transfusion. It is recommended that surgical patients are evaluated by the anaesthe-siologist more than one week before the planned procedure.  In non-elective procedures, blood products should be used rationally (see . Implementation Assessment
The percentage of patients evaluated by the anaesthesiologists more than one week before surgery, from the total number of patients who underwent surgical procedures with a high bleeding risk.
The risk of surgical haemorrhage must be estimated in every hospital, based on specific pathology and recent years' results. The PBM Programme will be applied to patients whose estimated perioperative blood loss exceeds 500 ml [19] .
Recommendation 2 can be implemented by using different pathways agreed by the IG. Generally, the physicians who indicate and/or schedule patients for surgery should refer the patients for a preoperative anaesthesiology evaluation. Ideally, preoperative evaluation should take place four weeks before surgery [20] .
Recommendation 3. Assessing anaemia and iron deficiency
 The minimum tests recommended for anaemia andiron deficiency assessment are: complete blood count, serum ferritin, transferrin saturation index (TSAT -measured based on serum iron and serum transferrin levels), and C-reactive protein (CRP).  The aim of the investigations is to identify irondeficient patients, whose red cell mass and/or iron status may be optimised through iron administration.  If the cause of iron deficiency is unclear, additional exams/investigations should be ordered for diagnostic purposes.  In some cases -chronic kidney disease with eGFR below 30 mL/min, rheumatic diseases, inflammatory bowel disease, blood disorders, or cancer -the recommendation for iron administration and treatment with erythropoiesis-stimulating agents requires a specialist consultation. Implementation Assessment
The percentage of patients with anaemia and iron deficiency (absolute or functional) identified at least one week before surgery from the total number of patients who have undergone surgical procedures with a high bleeding risk.
Anaemia is a global health problem, affecting approximately 30% of the population [8] . While it can be associated with chronic diseases, 30-50% of the cases are caused by iron deficiency. Perioperatively, patients with anaemia need more blood transfusion and their outcome is less favourable [1, 2] . Therefore, anaemic patients must be identified and treated before surgery. Not treating anaemia preoperatively is considered a substandard medical practice [9] . Iron deficiency should also be detected as it is a determining/ aggravating factor for anaemia, especially in procedures with a high bleeding risk.
The WHO defines anaemia as a haemoglobin (Hb) level below 13 g/dl in men and 12 g/dl in women [21] . To diagnose anaemia, a minimum assessment should include a complete blood count (required for diagnosing anaemia), determining the levels of serum ferritin (indicator of iron stores), serum iron and serum transferrin needed to measure TSAT (an indicator of iron available for erythropoiesis and required for iron deficiency assessment) and testing the level of CRP (an indicator of inflammation, required for assessing anaemia of chronic disease) ( Figure 1 ). Iron deficiency should be detected and corrected by iron administration as follows:
 TSAT over 25% indicates anaemia of chronic disease and excludes the need of iron administration;  TSAT below 25% indicates reduction of iron available for erythropoiesis; to establish the need for iron administration, serum ferritin levels should be determined;  Ferritin level below 100 ng/mL indicates the depletion of iron stores and, in association with a TSAT below 25%, points to a diagnosis of absolute iron deficiency, in which case iron administration is recommended;  Ferritin level over 100 ng/mL points to functional iron deficiency or iron tied up in body stores because of inflammation (anaemia of chronic disease); as ferritin is an acute phase reactant, CRP can help identify cases in which anaemia may respond to iron supplementation;  CRP level below 10 mg/L suggests functional iron deficiency even if serum ferritin is over 100 ng/mL, in which case iron should be administered, as directed by specialist physicians.
 CRP level over 10 mg/L and ferritin level over 100 ng/mL indicate anaemia of chronic disease, in which case a specialist consultation should be conducted to establish whether iron therapy is opportune. Note: Some patients could be iron deficient even in the absence of anaemia. Iron deficiency should be treated in these cases too, especially if the risk of perioperative bleeding is high, as bleeding aggravates iron deficiency and leads to anaemia [6] .
In most cases, iron deficiency is caused by bleeding. If the source of bleeding is unknown, it should be identified through specialist consultations.
Ferritin thresholds for diagnosing functional iron deficiency may vary, depending on co-morbidities (1) Sometimes, specific (megaloblastic, haemolytic) anaemia may need to be addressed; (2) TSAT < 20% indicates absolute iron deficiency, while levels below 25% recommend iron therapy in cases of anaemia associated with iron deficiency and inflammation; (3) Iron deficiency may be present in the absence of anaemia and requires preoperative correction; (4) If iron deficiency has no apparent cause, it should be identified by specialist examination; (5) The need and dosage for iron supplementation and erythropoiesis-stimulating agents (ESA) are to be exclusively determined by a specialist (chronic kidney disease with eGFR below 30 mL/min, rheumatic diseases, inflammatory bowel disease, blood disorders, or cancer). Thus, before recommending iron administration, specialist consultations may be required based on the clinical context.
Macro-megaloblastic and haemolytic anaemias are rare and usually diagnosed before the procedure. Therefore, relevant screening tests -peripheral blood smear, reticulocyte count, lactate dehydrogenase (LDH), serum haptoglobin -are not routinely recommended. However, if these anaemias are clinically suspected, a haematology consultation should be conducted. 
Implementation Assessment


The percentage of patients with iron deficiency (absolute and functional) in whom iron was administered before surgery from the total number of iron deficient patients undergoing surgery with a high bleeding risk.
The percentage of patients in whom rescue erythropoiesis was undertaken from the total number of iron deficient patients undergoing surgery with a high bleeding risk.
Iron Therapy
The aim of iron administration is to correct iron deficiency and reduce the need for blood transfusion, through haemoglobin optimisation.
Orally administered iron, in patients without contraindications, can effectively treat iron deficiency and anaemia, but only after several months, which is too slow for most surgical cases. Given the adverse effects and poor patient adherence to oral iron therapy, intravenous administration is preferable in the preoperative phase [6, 8, 22] .
Older i.v. iron preparations only allow for small quantities of iron to be administered in a single dose (200 mg of elemental iron), whereas newer preparations can be administered in higher single doses (500-1000 mg), allowing the correction of iron deficiency with one or two doses. Considering the faster effect and the safety profile, the newer iron preparations are preferable for surgical patients [19] .
Practical indications for iron administration are detailed in APPENDIX 2.
Iron administration is contraindicated in patients with active infections [24] .
In patients where clinical judgment deems it appropriate, supplemental folic acid and vitamin B12 should be administered, with or without concomitant iron therapy.
Erythropoiesis-Stimulating Agent Therapy
ESAs can be used in certain cases of anaemiarenal anaemia, cancer, anaemia of chronic diseaseas recommended by specialist physicians [20, 25] .
Anaemia treatment principles must also be followed postoperatively.
III. Blood Loss Minimisation Recommendation 5. Assessing haemostasis abnormalities
 A standardised haemostasis abnormality assessment questionnaire is recommended to be applied preoperatively for screening high bleeding risk patients (see APPENDIX 3). A positive answer to any of the questions indicates that haemostasis abnormalities need to be further evaluated by lab tests and specialist consultations (cardiology, haematology, etc.).  Anticoagulant and antiplatelet agent therapy should be adjusted perioperatively according to the institutional protocols.  Perioperative haemostasis management algorithms using point-of-care tests may be beneficial in procedures with a high bleeding risk.  It is recommended to maintain optimal haemostasis conditions (pH > 7.2, normothermia, ionized serum calcium of 1.1-1.3 mmol/L) during the entire perioperative period.  Tranexamic acid should be administered prophylactically in surgeries with a high bleeding risk and in cases with suspected hyperfibrinolysis and bleeding.  The use of desmopressin is suggested in selected cases (suspicion of congenital or acquired platelet dysfunction).
Implementation Assessment
 The percentage of patients with a haemostasis abnormality risk assessment questionnaire completed, from the total number of patients with high bleeding risk surgeries.  The percentage of patients with positive answers to the questionnaire, in whom haemostasis abnor-malities were detected, from the total number of patients with a positive answer.  The percentage of patients with anticoagulant and/ or antiplatelet agents, adjusted perioperatively, from the total number of patients treated with anticoagulants and/or antiplatelet drugs who underwent procedures with a high bleeding risk.  The percentage of patients in whom point-of-care tests were used to detect perioperative haemostasis abnormalities, from the total number of patients who underwent procedures with a high bleeding risk.  The percentage of patients who received tranexamic acid prophylactically or as a treatment, from the total number of patients who underwent procedures with a high bleeding risk. Routine haemostasis tests -activated partial thromboplastin time, prothrombin time, platelet count -have a poor predictive value for intra/postoperative bleeding [26] . Therefore, these tests are only recommended for patients with at least one positive answer to the standard haemostasis assessment questionnaire (APPENDIX 3). If haemostasis abnormalities are suspected, a specialist consultation should be set up (haematology, gastroenterology) [6, 27, 28] .
It is recommended that any therapy with haemostasis-interfering medication -anticoagulants, antiplatelet drugs, nonsteroidal anti-inflammatory drugs -should be adjusted perioperatively according to guidelines, following interdisciplinary evaluations [20] .
Viscoelastic tests for haemostasis assessment (thromboelastography and thromboelastometry) use whole blood and may be conducted at the point of care (in the operating theatre or intensive care unit) or in the central laboratory. Algorithms based on these tests have proved helpful for intraoperative coagulopathy diagnosis and management in cardiac surgery [29] . Their use for non-cardiac surgery with a high bleeding risk can reduce the need for blood transfusion more than standard haemostasis monitoring tests [20] .
Maintaining the homeostasis of the internal environment (normal pH, temperature and serum calcium level) is essential for normal haemostasis. Any change in one or all of these parameters can lead to severe haemostasis abnormalities, causing increased perioperative blood loss [20, 30] .
Prophylactic administration of tranexamic acid was proven to reduce blood loss in major surgery, at doses of 20 to 25 mg per kg of body weight. Ongoing bleeding should be treated similarly when hyperfibrinolysis is suspected [20, 30] . In procedures with a high bleeding risk and in the absence of contraindications, intraoperative blood salvage techniques reduce the need for transfusion in the perioperative phase [33] . The routine use of such techniques helps minimise irreversible blood loss and can improve the surgical outcome [34] . In cancer patients with massive bleeding, cell salvage may be an option, if the technique is available and the recovered blood is leucodepleted and/or irradiated [8] .
Recommendation 6. Minimising iatrogenic blood loss
Depending on the pathology, minimally invasive surgical techniques and meticulous surgical haemostasis are recommended.
Recommendation 7. Implementing a protocol for acute haemorrhage management
 A protocol for ensuring a multidisciplinary approach of acute haemorrhage is recommended to be introduced in every hospital where high bleeding risk surgical procedures are performed.
Implementation Assessment  The percentage of surgical patients with a high bleeding risk for whom the acute haemorrhage protocol was used. The acute haemorrhage protocol must include algorithms for detecting and stopping haemorrhage in various clinical contexts (trauma, surgery, gastroenterology, obstetrics, or transplant). Perioperative algorithms include early surgical haemostasis control, using interventional radiology and endoscopic techniques, packed red blood cells, plasma and platelet concentrates, as well as concentrates of coagulation factors and pharmacological agents in adequate quantities, guided as early as possible by lab or point-of-care haemostasis tests. Perioperative acute haemorrhage protocols must be built upon the European perioperative and traumatic bleeding management guidelines [20, 30] .
IV. Optimisation of Anaemia Tolerance and Rational Use of Blood Products Recommendation 8. Optimising tolerance of anaemia
 Early haemodynamic stabilisation and maintenance of normovolemia are recommended during the entire perioperative period. Advanced haemodynamic monitoring methods may be used to achieve these goals.  Hyperoxia (PaO 2 up to 200 mmHg -26.66 kPa) may be used in massively bleeding patients, when blood transfusion is not readily available.  An adequate anaesthetic technique that reduces intraoperative oxygen consumption (adequate depth and muscle relaxation, tachycardia avoidance) is recommended in all patients. We suggest the routine use of anaesthesia, analgesia and muscle relaxation monitoring methods.
Implementation Assessment
 The percentage of patients for whom advanced haemodynamic monitoring was used, from surgical patients with high bleeding risk.  The percentage of patients for whom hyperoxia was used, from bleeding surgical patients.  The percentage of patients for whom the depth of anaesthesia or the neuromuscular block was monitored, from surgical patients with a high bleeding risk. The patient's tolerance of anaemia can be increased by maintaining normovolemia, haemodynamic optimisation, enhancing oxygen delivery and decreasing oxygen consumption [35, 36] .
For normovolemia and haemodynamic optimisation, extracellular fluid loss can be replaced with isotonic crystalloid solutions, but their administration must be based on protocols, as for any other drug. Preload and cardiac output optimisation requires advanced haemodynamic monitoring [20] .
The fraction of inspired oxygen may be increased to avoid hypoxemia in massively bleeding patients, but extreme hyperoxia (PaO 2 > 200 mmHg -26.66 kPa) is contraindicated [20, 30] .
General anaesthesia reduces the patient's need for oxygen, increasing tolerance of anaemia. Moreover, animal research data suggests that effective muscle relaxation improves the tolerance of anaemia [36] . On the other hand, excessive anaesthetic depth is associated with postoperative cognitive dysfunction [37] and should be routinely monitored [38] .
Recommendation 9. Restrictive transfusion protocols
 A restrictive transfusion protocol is recommended in the perioperative period. Filling-in a questionnaire on the need of transfusion (APPENDIX 4) for each blood unit order may help rationalising the request for blood products.
Implementation Assessment
 The percentage of patients for whom a restrictive transfusion protocol was used, from the total surgical patients who received transfusion.  The percentage of patients for whom the questionnaire on transfusion indication (APPENDIX 4) was used, from the total surgical patients who received transfusion. The rational use of blood products is essential for improving the quality of medical care provided to surgical patients. Besides the previous recommendations, a way to rationalise the use of blood products is to implement a restrictive transfusion protocol [17] .
The use of haemoglobin level as an indicator of the need for red cell transfusion is controversial. It has recently been demonstrated that restrictive transfusion protocols can reduce perioperative morbidity (acute neurological events, acute kidney injury, and infection rate) [8] , being recommended by both perioperative and traumatic bleeding management guidelines [20, 30] . However, for implementing them, it is important to carefully assess each case, as early as the preoperative period, taking into account the haemoglobin level, comorbidities, and tolerance of estimated intraoperative blood loss. A useful tool in assessing the need for transfusion is showed in APPENDIX 4. The questionnaire should accompany each order for blood components.
V. PBM Programme Monitoring and Evaluation Benchmarks
Recommendation 10. PBM Programme implementation and monitoring  To identify areas of improvement, PBM Programme monitoring benchmarks must be set out in detail for each hospital department.  For outcome assessment, we recommend that an institutional audit (internal and external) be conducted after benchmarking.
Implementation Assessment
 The percentage of patients with APPENDIX 5 to the clinical observation chart (COC) filled out in full -from the total patients included in the PBM Programme  The percentage of hospital departments having monitored PBM benchmarks The impact of the PBM Programme must be assessed after a predefined period, in order to measure and publicise the outputs set out in this document. All participating institutions will conduct a comparative audit for outcome assessment after Programme implementation. The monitoring chart is described in APPENDIX 6.
The key performance indicators to be evaluated are Route and rhythm of administration -The maximum dose is 20 mg/kg but no more than 1000 mg at once.
-The minimum time gap between two doses is 7 days. For i.v. administration the iron product should be diluted in 0.9% NaCl solution exclusively. Mixing it with other drugs is prohibited. The solution must not be excessively diluted because the preparation is unstable in dilutions lower than 2 mg/mL. -i.v. bolus/infusion must be slow (15-30 min depending on quantity and dilution). Please follow the instructions provided by producers of the iron i.v. preparations. 
Recommendation 6. Minimising iatrogenic blood loss
The percentage of patients for whom micro tubes were used, from all investigated patients who underwent surgical procedures with a high bleeding risk.
The percentage of patients for whom closed flush systems were used for arterial lines and central venous catheters, from all patients with arterial lines or central venous catheters who underwent surgical procedures with a high bleeding risk.
The percentage of patients for whom blood salvage (cell-saver) systems were used from patients who underwent surgical procedures with a high bleeding risk.
Recommendation 7.
Implementing an acute haemorrhage management protocol
The percentage of surgical patients with high bleeding risk for whom the acute haemorrhage protocol was used.
Recommendation 8. Optimising tolerance of anaemia
The percentage of patients for whom advanced haemodynamic monitoring was used, from surgical patients with high bleeding risk.
The percentage of patients for whom hyperoxia (up to 200 mmHg -26.66 kPa) was used, from bleeding surgical patients.
The percentage of patients for whom depth of anaesthesia or neuromuscular blockade was monitored, from surgical patients with high bleeding risk.
Recommendation 9. Restrictive transfusion protocols
The percentage of patients for whom a restrictive transfusion protocol was used, from the total surgical patients who received transfusion.
The percentage of patients for whom the questionnaire on transfusion indication (APPENDIX 4) was used, from the total surgical patients who received transfusion.
Recommendation 10. PBM programme implementation and monitoring
The percentage of patients with APPENDIX 5 to the clinical observation chart (COC) filled out in fullfrom the total patients included in the PBM Programme
The Percentage of hospital departments having monitored PBM benchmarks Postoperative haemorrhage -blood loss within 72 h after the start of surgery which would normally result in transfusion of blood.
Pulmonary embolism -a new blood clot or thrombus within the pulmonary arterial system. Stroke -embolic, thrombotic or haemorrhagic cerebral event with persistent residual motor, sensory or cognitive dysfunction. 
Surgical site infection (superficial)
-
